To meet future demands, alternative energy sources will be needed because long-term energy problems have not been solved. Crop residue may provide a readily available on-farm bioenergy source, but effects of removing residue on soil fertility, water conservation, and crop production need further investigation. A 4-yr field experiment was conducted on a Norfolk sandy loam (Typic Paleudults) to determine the effects of removing crop residues on soil pH, extractable nutrient concentrations, and yield of corn (Zea mays L.). Four stover management treatments evaluated between 1979 and 1982 included conventional tillage with stover incorporated, and con!iervation tillage with 0, 66, or 90% of the stover removed. Treatments were split and evaluated with and without supplemental irrigation. Extractable nutrient concentrations were evaluated by comparing values obtained from an initial soil sampling with those of samples collected each fall thereafter. Ear leaf analyses were used to monitor treatment effects on plant nutrient status. Annual corn stover yields of 3 to 7 Mg ha-1 provided 5 to 11 X 10' kJ ha-1 of potential bioenergy without reducing winter surface cover below 80%. Harvesting corn residues increased annual N, P, and K removal by 26 to 57, 6 to 14, and 49 to 124 kg hal, respectively. Soil extractable and plant nutrient concentrations indicated fertilization rates were adequate to compensate for nutrients removed with crop residues. Annual soil analyses showed that surface-applied lime and fertilizer were rapidly leached through low exchange capacity surface horizons, but accumulated in subsoil horizons even when conservation tillage practices were utilized. Irrigation, tillage, and residue management treatments resulted in few significant differences indicating that in this physiographic region, some crop residues could be utilized for bioenergy production. However, j>lant nutrients contained in those residues would have to be rpplaced by increased fertilization.
trients and organic matter were generally recycled to the land via manure disposal. In the recent search for renewable alternatives to fossil fuels, attention has been directed toward using crop residue as an on-farm energy source. Unfortunately, this would generally not allow recycling of plant nutrients and organic matter.
Claar et al. (5) concluded that in Iowa sufficient corn (Zea mays L.) cobs were produced to dry com grain by using a crop residue furnace, but drying costs would increase'by 50% compared to purchasing liquid propane gas (LPG) at 1980 prices of $0.24/L. Lockeretz (20) concluded th_at the value of crop residues for ethanol production or boiler fuel was comparable to immediate and direct costs (collection and transportation) of residue removal, but it was not sufficient to compensate farmers or society for long-term benefits resulting from returning crop residues to the soil. He also emphasized the importance of coordinating soil conservation policies when developing public policy concerning renewable energy programs. Epstein et at. (11) emphasized that alternative uses for crop residues should be considered only when nee4,:; for soil protection and productivity have been met. Larson (18) concluded that removal of a portion of crop residues should not be objectionable to the agricultural community if soil productivity could be maintained.
The Atlantic Coastal Plain contains three interstate Major Land Resource Areas (MLRA's) which produce substantially more crop residue than is needed for " controlling water erosion (1.,3). Aho, if improved water and nutrient management practices are adopted (16, 24) and conservation tillage methods are practiced, corn residue production in this physiographic region may be sufficient to make residue harvesting economically feasible. Recently, public int~rest in harvesting crop residues has declined because fossil fuel prices have decreased, but long-term energy problems have not been solved. Therefore, in MLRA's where sufficient crop residues are produced to control wind and water erosion, longterm effects of removing them on soil productivity and nutrient status must be quantified. Objectives of our research were (i) to quantitatively measure the amount of crop residue that could be collected and the amount of plant nutrients removed using standard farm equipment and (ii) to determine the effects of removing crop residues on root zone soil pH, plant and soil nutrient concentrations, and yield of com grown with and without supplemental irrigation on a Typic Paleudults soil. C ROP RESIDUE is often an asset because it helps control wind and water erosion (13, 25). However, excessive crop residue can also be a liability because of phytotoxicities, plant disease, and weed control problems associated with its management (6, 10, 29). Some crop residue has traditionally been harvested and used for animal feed and bedding, but nu- 2 Soil Scientists, USDA-ARS, Florence, SC 29502. 3 Mention of trademark, proprietary product, or vendor does not constitute a guarantee or warranty of the product by the U.S. Dep. of Agric. or the S.C. Agric. Exp. Stn. and does not imply its approval to the exclusion of other products or vendors that may also be suitable.
METHODS AND MATERIALS
A 2.65-ha field experiment was initiated in 1979 on a Norfolk (fine-loamy, siliceous, thermic, Typic Paleudults) sandy 871 SUMMARY AND CONCLUSIONS Harvesting 3 to 7 Mg ha -I of com stover from a Typic Paleudults in MLRA 133 could provide 5 to II X 104 MJ ha-1 of on-farm bioenergy each year. Provided conservation tillage practices are used, this could be accomplished without reducing soil cover below 80%. Harvesting crop residues increased annual N, P, and K removal by 26 to 57, 6 to 14, and 49 to 124 kg ha-l, respectively, but secondary and micronutrient removal was increased only slightly. Extractable soil nutrient concentrations were not depleted because fertilization programs compensated for increased nutrient removal. per 5 cm after lime was applied in the fall of 1980 (Table 6) . Concentrations of Ca, Mg, and Zn were significantly greater in this increment when conservation tillage practices were used than where crop residues, lime, and fertilizer were incorporated by disking. Phosphorus concentrations showed similar trends, but differences after 4 yr were not statistically significant. Surface stratification of nutrients when reduced tillage is practiced has been documented (2,9,27), but in the Southeastern Atlantic Coastal Plain cation stratification is less permanent than in Midwestern loam and silt loam soils. Coarse-textured soils in this physiographic region have low exchange capacities and receive sufficient rainfall to leach cations into subsoil horizons. Movement ofK illustrates this best because, unlike Midwest data (12), K concentrations in Atlantic Coastal Plain soils are frequently greater in subsoils than in surface horizons. Interactions among K, Ca, and Mg ions (23) result in leaching ofK to Bt horizons regardless of fertilizer placement. In this experiment, extractable K in the Ap and E horizons was not changed after 4 yr (Table 6 ), but it was 40% greater in the Bt horizon.
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Surface pH (0-5 cm) was significantly different only in 1982, when under conventional tillage, it was lower than under conservation tillage with or without removal of crop residues (Table 6 ). This result differs from many conservation tillage experiments where nitrification of surface-applied N and decomposition of residues significantly decreased pH in the surface 5 cm (2, 21, 26) . In this experiment, however, sidedress N was provided by injecting anhydrous NH3 approximately 15 to 20 cm deep between rows of com. This method of sidedressing N did reduce subsoil pH, although not differentially among the four tillage/stover removal treatments (Table 6 ). After 4 yr of continuous com, average pH values in E and Bt horizons were 0.5 and 0.3 units lower than when the experiment was initiated (Table 6) .
Harvesting crop residues for 2 yr significantly reduced K concentrations in the Ap horizon in 1980, but in subsequent samplings, differences at this depth were not significant (Table 6 ). Following the 1982 growing season, K concentrations in the Bt horizon were significantly lower where crop residues had been removed for 3 yr than where they had been returned. This apparently reflected the lower amount ofK available for leachirlg because there still was a net increase of 20 to 30 mg kg-I compared to initial soil analyses (Table 5 ). These results indicate that if adequate quantities of fertilizer nutrients are applied to compensate for increased nutrient removal, harvesting crop residues from these soils will havG no significant effects on soil pH or extractable nutrient status.
Chemical analyses of ear leaf tissue showed few significant differences in plant nutrient concentrations because of tillage system, water management, or crop residue removal. Applying dolomitic lime between the 1980 and 1981 growing seasons increased soil pH in the upper 5 cm which decreased ear leaf concentrations of Mn and Zn, but not beiow critical levels of 15 mg kg-I. In general, all measured plant nutrient concentrations were within normal sufficiency ranges ( 15,22).
